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OLQHDULQWHUDFWLRQ DQGVTXDUHGWHUPVRIIDFWRUV
5HVXOWVDQG'LVFXVVLRQ
 )LQGLQJWKH6LJQLILFDQW)DFWRU
7KH DGHTXDF\ RI WKH GHYHORSHGPRGHO ZDV WHVWHG XVLQJ WKH DQDO\VLV RI YDULDQFH $129$ WHFKQLTXH DQG WKH
UHVXOWVRIVHFRQGRUGHUUHVSRQVHVXUIDFHPRGHOV ZHUH ILWWHGLQWKHIRUPRIDQDO\VLVRIYDULDQFH$129$DUHJLYHQ
LQ7DEOH,QWKLVLQYHVWLJDWLRQWKHGHVLUHGOHYHORIFRQILGHQFHZDVFRQVLGHUHGWREH7KHUHODWLRQVKLSPD\EH
FRQVLGHUHG WREHDGHTXDWHSURYLGHG WKDW D WKHFDOFXODWHGYDOXHRI WKH)UDWLRRI WKHPRGHOGHYHORSHGVKRXOGQRW
H[FHHG WKH VWDQGDUG WDEXODWHG YDOXH RI ) UDWLR DQG E WKH FDOFXODWHG YDOXH RI WKH 5 UDWLR RI WKH GHYHORSHG
UHODWLRQVKLSVKRXOGH[FHHGWKHVWDQGDUGWDEXODWHGYDOXHRI5UDWLRIRUDGHVLUHGOHYHORIFRQILGHQFH,W ZDV IRXQGWKDW
WKHPRGHOLVDGHTXDWH
7KHVLJQLILFDQFHRIHDFKFRHIILFLHQWZDVGHWHUPLQHGE\6WXGHQW¶VWWHVWDQGSYDOXHVZKLFKDUHOLVWHGLQ7DEOH
9DOXHVRI³3URE! )´OHVVWKDQ  LQGLFDWHWKDWPRGHOWHUPVDUHVLJQLILFDQW
)RUKDUGQHVV UHVSRQVH2/)62)26/)/6DQG )6DUHVLJQLILFDQWPRGHOWHUPV9DOXHVJUHDWHUWKDQ
LQGLFDWH WKDW PRGHO WHUPV DUH QRW VLJQLILFDQW 7KH ILQDO HPSLULFDO UHODWLRQVKLS ZDV FRQVWUXFWHG XVLQJ RQO\ WKHVH
FRHIILFLHQWVDQGWKHGHYHORSHGILQDOHPSLULFDOUHODWLRQVKLSLVJLYHQEHORZ
+DUGQHVV +Y 2/  )  62)26/) 
/6 ± )6  2  /  )  6 
 7KH$129$ DQDO\VLV IRUKDUGQHVVUHVSRQVH
7KH$129$PRGHOIRUKDUGQHVVUHVSRQVH)YDOXHRILPSOLHVWKDWWKHPRGHOLVVLJQLILFDQW7KHODFNRIILW)
YDOXHRILPSOLHVWKDWWKHODFNRIILWLVLQVLJQLILFDQW7KHUHLVRQO\DFKDQFHWKDWDODFNRIILW)YDOXHWKLV
ODUJHFRXOGRFFXUGXH WRQRLVH
7KH )LVKHU¶V ) WHVW ZLWK D YHU\ ORZ SUREDELOLW\ YDOXH 3 PRGHO ! )    GHPRQVWUDWHV D YHU\ KLJK
VLJQLILFDQFHIRUWKHUHJUHVVLRQPRGHO7KHJRRGQHVVRIILWRIWKHPRGHOZDVFKHFNHGE\WKHGHWHUPLQDWLRQFRHIILFLHQW
57KH FRHIILFLHQW RI GHWHUPLQDWLRQ 5ZDV FDOFXODWHG WREHIRU UHVSRQVH7KLV LPSOLHV WKDW RI
H[SHULPHQWDOGDWDFRQILUPVWKHFRPSDWLELOLW\ZLWKWKHGDWDSUHGLFWHGE\WKHPRGHODQGWKHPRGHOGRHVQRWH[SODLQ
RQO\RI WKH WRWDOYDULDWLRQV7KH5 YDOXHLVDOZD\VEHWZHHQDQGDQGLWVYDOXHLQGLFDWHVDSWQHVVRIWKH
PRGHO )RU D JRRG VWDWLVWLFDO PRGHO 5 YDOXH VKRXOG EH FORVH WR  7KH DGMXVWHG 5 YDOXH UHFRQVWUXFWV WKH
H[SUHVVLRQZLWK WKHVLJQLILFDQW WHUPV7KHYDOXHRI WKHDGMXVWHGGHWHUPLQDWLRQFRHIILFLHQW $GM5  LVDOVR
KLJK WR DGYRFDWH IRU D KLJK VLJQLILFDQFH RI WKHPRGHO 7KH3UHG 5 LV  WKDW LPSOLHV WKDW WKHPRGHO FRXOG
H[SODLQRIWKHYDULDELOLW\LQSUHGLFWLQJQHZREVHUYDWLRQV7KLV 3UHG5YDOXHKDV UHDVRQDEOHDJUHHPHQWZLWK
WKH$GM5 RI7KHYDOXHRIFRHIILFLHQWRIYDULDWLRQLVDOVRORZDV LQGLFDWH WKDWWKHGHYLDWLRQVEHWZHHQ
H[SHULPHQWDODQGSUHGLFWHGYDOXHVDUHORZ$GHTSUHFLVLRQPHDVXUHVWKHVLJQDOWRQRLVHUDWLR$UDWLRJUHDWHUWKDQ
LVGHVLUDEOH,QWKLV LQYHVWLJDWLRQWKHUDWLRLVZKLFKLQGLFDWHVDQDGHTXDWHVLJQDO7KLVPRGHOFDQEHXVHGWR
QDYLJDWHWKHGHVLJQVSDFH 7KHGHYHORSHGHPSLULFDOUHODWLRQVKLS FDQEHXVHGHIIHFWLYHO\WRSUHGLFWWKHUHVSRQVH E\
VXEVWLWXWLQJSURFHVV SDUDPHWHUYDOXHVLQFRGHGIRUP %DVHGRQ WKLVHPSLULFDOUHODWLRQVKLSWKHPDLQDQGLQWHUDFWLRQ
HIIHFWV RI WKH SURFHVV SDUDPHWHUV RQ WKH FRDWLQJ KDUGQHVV ZDV FRPSXWHG DQG SORWWHG LQ WKH IRUP RI UHVSRQVH
VXUIDFHVDVVKRZQLQ)LJ
923 K. Murugan et al. /  Procedia Materials Science  5 ( 2014 )  918 – 927 
7DEOH$129$IRUWKHUHVSRQVH+DUGQHVV
6RXUFH 6XPRIVTXDUHV 'I 0HDQVTXDUH )YDOXH SYDOXHSURE)
0RGHO      VLJQLILFDQW
2R[\JHQIORZUDWH     
//3*IORZUDWH     
))HHGUDWH     
66SUD\GLVWDQFH     
2/     
2)     
26     
/)     
/6     
)6     
2     
/     
)     
6     
5HVLGXDO   
/DFNRI)LW      1RWVLJQLILFDQW
3XUH(UURU   
&RU7RWDO ( 
6WG'HY  5   GIGHJUHHVRIIUHHGRP
0HDQ  $GM5   &9FRHIILFLHQWRIYDULDWLRQ
&9  3UHG5   ))LVKHUUDWLR
35(66 ( $GHT3UHFLVLRQ  SSUREDELOLW\
 (IIHFWRIR[\JHQIORZUDWH RQFRDWLQJKDUGQHVV
7KH HIIHFWRIR[\JHQJDVIORZUDWHRQKDUGQHVVLVLOOXVWUDWHGLQWKH)LJD  H7KXVFRQGLWLRQVIRUVSUD\LQJ
SDUWLFOHVDWDQH[DFWWHPSHUDWXUHDQGYHORFLW\PD\EHREWDLQHGE\FDUHIXOO\UHJXODWLQJERWKWKHR[\JHQDQGWKHIXHO
IORZUDWHV7KHFRDWLQJVVSUD\HGXQGHURSWLPDOR[\JHQJDVIORZRSWLPXPYHORFLW\DQGHQWKDOS\FRQGLWLRQVKRZV
KLJK KDUGQHVV FRPSDUHG ZLWK WKH ORZ DQG KLJK IORZ UDWH FDVHV %RWK WKH ORZ DQG WKH KLJK SULPDU\ JDV IORZ
FRQGLWLRQV OHDG WR VKRUWHU IOLJKW WLPHVZKLFKPLQLPL]H WKH IODPHSDUWLFOH LQWHUDFWLRQ WLPH 0XKDPHG$VKDUDIDQG
6KLEOL )LJ D  F VKRZR[\JHQIORZUDWH$KDGVLJQLILFDQWHIIHFWRQWKHKDUGQHVV,WFDQEHVHHQWKDW
LQFUHDVLQJWKHWRWDOJDVIORZUDWHUHVXOWLQJLQRSWLPDOSDUWLFOHIODWWHQLQJLQWXUQLQFUHDVHVFRDWLQJFRPSDFWLRQWKDW
UHVXOWVLQLQFUHDVHGYDOXHLQKDUGQHVV )LQDOO\DGHFUHDVHLQSRURVLW\ZLOOLQFUHDVHWKHFRDWLQJVWLIIQHVVSURGXFLQJDQ
LQFUHDVHGYDOXHLQWKHKDUGQHVV +D]RRUHWDO
 (IIHFWRI SRZGHUIHHGUDWHRQ FRDWLQJ KDUGQHVV
7KHSRZGHU IHHG UDWH KDYH D VLJQLILFDQW HIIHFW RQ WKHSRURVLW\ DQGKDUGQHVV 7RR ORZ DSRZGHU IHHG UDWHZLOO
UHVXOWLQYDSRUL]DWLRQDQGRYHUPHOWLQJRIWKHSDUWLFOHVUHVXOWLQJLQTXHQFKFUDFNVVSODVKLQJDQGKLJKSRURVLW\OHYHOV
ZKHUHDVWRRKLJKDIHHGUDWHZLOOHQGXSLQSRRUPHOWLQJRIWKHSRZGHUSDUWLFOHVUHVXOWLQJLQDGHFUHDVHRIWKHVSODW
IODWWHQLQJUDWLRDQGDQLQFUHDVHLQWKHSRURVLW\ $ZDQG7DQ7KHHIIHFWRISRZGHUIHHGUDWHRQWKHUHVSRQVHV
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RIWKHFRDWLQJVDUHGLVSOD\HGLQWKH)LJE G 	 I$VSHUWKHH[SHULPHQWDOUHVXOWDWWKHRSWLPXPFRQGLWLRQORZ
SRURVLW\DQGKLJKHUKDUGQHVVFRDWLQJLVDFKLHYHG
+RZHYHUWKHJUHDWHUWKHQXPEHURISDUWLFOHVLQWKHIODPHWKHJUHDWHUWKHGHYLDWLRQ IURPWKHVSUD\LQJD[LVZLOOEH
GXH WR D FKDQJH LQ WKH SRZGHU LQOHW FRQGLWLRQV DQG WR DQ LQFUHDVH LQ WKH RSSRUWXQLWLHV IRU SDUWLFOH FROOLVLRQV WKDW
FKDQJH WKH WUDMHFWRULHV RI WKH FROOLGLQJ SDUWLFOHV 6WHZDUW HW DO   +RZHYHU WKH LQIOLJKW SURFHVVLQJ RI WKH
SRZGHUV WR SURGXFH +92)VSUD\HG FRDWLQJV PXVW EH SHUIRUPHG XQGHU KLJK ORDGLQJ FRQGLWLRQV WR DOORZ IRU DQ
HIILFLHQWXVHRIWKHWKHUPDOHQHUJ\VWRUHGLQWKHIODPH RQH[FHHGLQJDFHUWDLQFULWLFDORSWLPDOORDGLQJ
 (IIHFWRI VWDQGRIIGLVWDQFH RQFRDWLQJKDUGQHVV
7KH VWDQGRII GLVWDQFH EHWZHHQ JXQ DQG VXEVWUDWH LV DQ LPSRUWDQW YDULDEOH LQ GHWHUPLQLQJ WKH TXDOLW\ RI WKH
FRDWLQJV VLQFH ERWK IDFWRUV DUH FORVHO\ UHODWHG ZLWK WKH ORVV RI NLQHWLF HQHUJ\ GXULQJ IOLJKW DQG WKH SDUWLFOH
WHPSHUDWXUH DW LPSDFW :DQJ HW DO  7KH HIIHFW RI VWDQGRII GLVWDQFH RQ WKH UHVSRQVHV RI WKH FRDWLQJV LV
GLVSOD\HG LQ WKH )LJ FH 6XEVWUDWH SODFHG DW VKRUWHU VSUD\ GLVWDQFH WHQGV WR EH RYHUKHDWHG DQG LQFUHDVH WKH
R[LGDWLRQ LQ WKH GHSRVLW 7KH R[\JHQ FRQWHQW UHGXFHG URXJKO\ D WKLUG EHFDXVH WKH KRW FRPEXVWLRQ JDVHV LQFUHDVH
R[LGDWLRQ E\ DWPRVSKHULF R[\JHQ HQWUDLQLQJ WKH IODPH MHW DQG EORZLQJ RQWR WKH KRW VXUIDFH ZKHQ FORVH HQRXJK
/RZHULQJ VSUD\ GLVWDQFH ILUVWO\ LQFUHDVHV GHSRVLWLRQ UDWH EXW SUREOHPV DSSHDU E\ VWURQJO\ LQFUHDVLQJ KHDW ORDG
&RDWLQJV DUH GHQVH EXW ODUJH FUDFNV IRUP LQ WKH FRDWLQJ GXH WR LQWHUQDO VWUHVVHV WKDW DULVH GXULQJ WKH GHSRVLWLRQ
SURFHVV$KLJKHUVSUD\LQJGLVWDQFH
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)LJDI 'UHVSRQVHVXUIDFHVKRZVWKHVLJQLILFDQWHIIHFWRISURFHVVSDUDPHWHURQ FRDWLQJ KDUGQHVV
UHVXOWVLQVPDOOHUSDUWLFOHVYHORFLW\WRZDUGWKHVXEVWUDWHSURGXFLQJFRDWLQJVZLWKORZHUGHQVLW\ 9DOHQWH HWDO
$W ODUJH VSUD\ GLVWDQFH FRDWLQJ FRPSDFW LV UHGXFHG DQG KDUGQHVV VLJQLILFDQWO\ UHGXFHV GXH WR D UHGXFHG SDUWLFOH
WHPSHUDWXUH DQG D ORZHU SDUWLFOH LPSDFW 9DUDFDOOH -U HW DO  $OVR E\ ORZHULQJ WKH DYHUDJH LPSDFW
WHPSHUDWXUHVRIWKHGURSOHWVZLWKWKHVXEVWUDWHVXUIDFH WKHORZHUNLQHWLF HQHUJ\DQGSDUWLFOHWHPSHUDWXUHVUHGXFHWKH
SODVWLFGHIRUPDWLRQRIWKHSDUWLFOHVOHDGLQJWRDVXEVWDQWLDOGHFUHDVHPLFURKDUGQHVVYDOXH $JRRGFRPSURPLVHZDV
IRXQGIRUWKHLQWHUPHGLDWHVSUD\GLVWDQFH7KLVPD\EHGXHWRWKHORQJHUGZHOOWLPHLQWKHIODPH ZKLFKKHDWVXSWKH
SRZGHUSDUWLFOHVWRDJUHDWHUGHJUHH
 (IIHFWRI IXHOIORZUDWH RQFRDWLQJKDUGQHVV
9DU\LQJWKHIXHOIORZUDWHDIIHFWVWKH.LQHWLFDQGWKHUPDOHQHUJ\WUDQVIHUUHGWRWKHSDUWLFOHVZKLFKLQWXUQDIIHFWV
WKHSDUWLFOHYHORFLW\DQGWKHWHPSHUDWXUH7KH HIIHFWVRIIXHOIORZUDWHRQWKHUHVSRQVHWKHFRDWLQJDUH GLVSOD\HGLQ
)LJ D G	 H3RURVLW\GHFUHDVHV XQGHU KLJK IXHO UDWH EHFDXVH WKHSDUWLFOHV DUHPRUH OLNHO\ WRPHOW DW KLJK
IODPHHQHUJ\OHYHOVWKHUHE\HQKDQFLQJIORZDQGFRPSDFWLRQRIWKHFRDWLQJGXULQJLWVEXLOGXS8QGHUYHU\KLJKUDWH
JDVHQWUDSPHQWXSRQLPSDFWRFFXUVEHFDXVHRIWKHKLJKSUHVVXUHLQWKHJDVOD\HUMXVWSULRUWRLPSDFW%\ORZHULQJ
IXHOIORZUDWHZLWKKLJKDLUIORZUDWHDVPDOOIODPHRFFXUVDQGWKHUHIRUHWKHSDUWLFOHVZRXOGEHPRUHVHPLPROWHQWR
XQPHOWHGSDUWLFOHVSURYLGLQJSRRUDGKHVLRQDQGSRRUTXDOLW\FRDWLQJ7KHSUHVHQFHRIQRQPROWHQSDUWLFOHVZLOODOVR
LQFUHDVH WKH URXJKQHVVRI WKHFRDWLQJDQGZLOO ORZHU WKHYDOXHVRIKDUGQHVVEHFDXVHRI ORZSDUWLFOHFRKHVLRQ$Q
LQFUHDVHLQSRURVLW\ZLOOORZHUWKHFRDWLQJVWLIIQHVVSURGXFLQJDGHFUHDVHLQWKHYDOXHV RIKDUGQHVV
9HULILFDWLRQDQG YDOLGDWLRQRI GHYHORSHG HPSLULFDO UHODWLRQVKLS
,QWKHGHYHORSPHQWRIHPSLULFDOUHODWLRQVKLSLWLVLPSRUWDQWWRGHWHUPLQHZKHWKHUWKHGHYHORSHGUHODWLRQVKLS PHHW
WKHVSHFLILFDWLRQVDQGWKHSUHGLFWLRQDUHFRUUHFW7KHSUHGLFWLRQFDSDELOLW\RIGHYHORSHGHPSLULFDOUHODWLRQVKLSVZDV
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